The first observational signature of magnetic helicity in the solar atmosphere (sunspot whirls) was discovered 77 years ago. Since then, the existence of a cycle-invariant hemispheric helicity pattern has been firmly established through current helicity and morphological studies. During the last years, attempts were made to estimate/measure magnetic helicity from solar and interplanetary observations. Magnetic helicity (unlike current helicity) is one of the few global quantities that is conserved even in resistive magnetohydrodynamics (MHD) on a timescale less than the global diffusion timescale, thus magnetic helicity studies make it possible to trace helicity as it emerges from the sub-photospheric layers to the corona and then is ejected via coronal mass ejections (CMEs) into the interplanetary space reaching the Earth in a magnetic cloud. We give an overview of observational studies on the relative importance of different sources of magnetic helicity, i.e. whether photospheric plasma motions (photospheric differential rotation and localized shearing motions) or the twist of the emerging flux tubes created under the photosphere (presumably by the radial shear in the differential rotation in the tachocline) is the dominant helicity source. We examine the sources of errors present in these early results and try to judge how realistic they are.
INTRODUCTION
In 1925, G.E. Hale published a two-page paper in PASP describing vortices seen in Hα around sunspots, what he called sunspot whirls. Investigating data extending over three solar cycles he found no relationship between the direction of these vortices and spot polarity and found no reversal of the whirl direction together with the general reversal of spot polarities at cycle changes. He found a cycle-invariant rule: about 80% of sunspot whirls are counter-clockwise on the northern hemisphere and clockwise in the south. Drawing a parallel with the hemispheric rule known for terrestrial cyclones, he concluded that these whirls are hydrodynamical rather than electromagnetic phenomena, i.e. they are related to the solar rotation. Richardson (1941) repeated the investigation on data extending over four solar cycles and confirmed Hale's results. However, he also pointed out that whirls are observed only around 16% (32% if he made allowances for defective plates and poor seeing) of the sunspots which are sufficiently large (≥ 200 MSH [millionth of the solar hemisphere]) to show them clearly in the Mt. Wilson plates.
The subject was awaken in the 90s, when hemispheric chirality or handedness patterns independent of sunspot cycle were discovered in active regions, coronal loops, filaments, coronal arcades and interplanetary magnetic clouds (MCs) (Leroy et al., 1983; Seehafer, 1990; Pevtsov et al., 1995; Abramenko et al., 1996; Martin et al., 1994; Rust, 1994, Martin and McAllister, 1997; Rust and Kumar, 1996; Canfield et al., 1999 ; for a most recent review see paper by Pevtsov, 2003, and references therein) . A quantitative, mathematical measure of the chiral properties of these structures is the magnetic helicity (Berger and Field 1984; Berger, 1999) . These chirality patterns indicate that the Sun preferentially exhibits left-handed features in its northern hemisphere and right-handed features in the south. A right-handed twist and a clockwise rotation of the loops when viewed from above implies positive helicity, and vice versa for negative helicity, so the recent results agree with those of Hale and Richardson. However, it is noteworthy that in the formation of sunspot whirls, besides or instead of helicity (Nakagawa et al., 1971) , the Coriolis force acting in the Evershed flow and its interaction with the magnetic field (Peter, 1996) can play an important role.
Exceptions to these helicity rules occur in most categories of solar activity at a significant percentage (20-35%). Nevertheless, the Sun's preference for features adhering to these rules motivates the search for an underlying mechanism that is, evidently, global in scope. Where and by what kind of mechanism(s) is magnetic helicity generated? The main candidates are the dynamo, helical turbulence (the α or the Σ effect) and differential rotation (both sub-surface and photospheric, the Ω effect). However, theoretical works analyzing the efficiency and even ability of some of these mechanisms to create the observed dominant hemispheric helicity pattern have produced highly controversial results (Seehafer, 1990 (Seehafer, , 2003 Brandenburg and Blackman, 2003; Longcope and Pevtsov, 2003; Berger and Ruzmaikin, 2000; DeVore, 2000; Démoulin et al., 2002a) .
When theory is producing confusing results the task for observers is to do their best in providing constraints for models. The appearance of quantitative observational works on magnetic helicity has been a very recent development in solar physics. We make an attempt below to review these papers and try to judge how realistic the present results are.
THE IMPORTANCE OF MAGNETIC HELICITY STUDIES
Magnetic helicity quantifies how the magnetic field is sheared or twisted compared to its lowest energy state (potential field). Observations provide plenty of evidence for the existence of such stresses in the solar magnetic field and their association to e.g. flare and CME activity, but its precise role in such activity events is far from being clear.
Magnetic helicity is one of the few global quantities, which is conserved even in resistive MHD on a timescale less than the global diffusion timescale (Berger, 1984) . Thus, as magnetic flux travels from the tachocline through the convection zone, emerges through the photosphere into the corona and is ejected into the interplanetary space during CME events, the magnetic helicity it carries can be traced.
COMPARISON OF MAGNETIC AND CURRENT HELICITIES
Note, that magnetic helicity is different from current helicity, which has been extensively used in establishing the hemispheric helicity rules. Magnetic helicity is defined by a volume integral:
where A is the magnetic vector potential, B = ∇ × A is the magnetic field, while the definition of current helicity is: H c = V B. jdV , with µ 0 j = ∇ × B. While H m is, in general, gauge dependent through A (see next Section), there is no gauge freedom with H c ( ∇. B = 0). Furthermore, while H m is a conserved MHD quantity, this is not the case for H c ! However, it is usually true, that H m and H c have the same sign.
Furthermore, we should be aware of the fact, that observationally derived values of H c represent only a fraction of its full value. The volume integral can be written out with its components: H c = V B. jdV = V (B x .j x + B y .j y + B z .j z )dV , of which only the last component can be deduced from observations. Though using photospheric vector magnetograms all three components of B are available, only the vertical component of j can be computed (via the horizontal derivatives of B). Thus, what we can observationally determine as current helicity is merely the following surface integral: h c = photosphere B z .j z dS.
The general relationship between magnetic and current helicities are not known, however, they both are commonly regarded as proxies for twist in magnetic fields.
RELATIVE MAGNETIC HELICITY
Computation of magnetic helicity H m = V A. BdV is physically meaningful only when B is fully contained inside the volume V. However, when this is not so (when the normal component B n = 0 along the boundary S), following Berger and Field (1984) , a relative magnetic helicity, which is gauge independent, can be computed by subtracting the helicity of a reference field B 0 , which has the same B n distribution on S as B: H r = V A. BdV − V A 0 . B 0 dV, with A 0 satisfying B 0 = ∇ × A 0 . Since H r is well conserved under solar conditions, the only way helicity can be modified inside V is by helicity flux crossing the boundary S (Berger and Field, 1984) :
. dS, where v is the velocity of the plasma. The 1 st term corresponds to helicity flux by footpoint motions parallel to S (shear term), while the 2 nd term denotes inflow and outflow of helicity through the boundary S (advection term).
The shear term involves helicity injection by footpoint motions in the photosphere like twisting, shearing (special case: differential rotation) and braiding, while the advection term includes emerging motions (but also submergence!) through the photospheric boundary as well as ejection of helicity via CMEs through the coronal boundary of the magnetic volume.
QUANTITATIVE OBSERVATIONAL ANALYZES OF MAGNETIC HELICITY
Magnetic Helicity Injected by Differential Rotation For the computation of magnetic helicity injected by photospheric plasma motions Berger (1984 Berger ( , 1988 derived an expression for dH r /dt which depends only on observable photospheric quantities (B n and v). DeVore (2000) calculated magnetic helicity injection by differential rotation and found that this timeindependent shearing flow, surprisingly, does not provide a monotonous input of magnetic helicity ( Figure  1 ). Berger (1986) showed that the helicity injection rate can be understood as the summation of the rotation rate of all the individual elementary flux pairs weighted by their magnetic flux:
dS , where R = r− r is the difference in spatial positions on the photospheric plane.
Using this result, Démoulin et al. (2002b) have shown that horizontal photospheric plasma motions imply two different helicity terms: the rotation of each polarity introduces 'twist' helicity, while the relative rotation of opposite polarity flux concentrations injects 'writhe' helicity: ∆H r (t) = ∆H r (t)| twist + ∆H r (t)| writhe .
In case of a shear-flow like the differential rotation, the twist and writhe helicity fluxes always have opposite signs, while their magnitudes are similar, thus they partially cancel. The relative importance of twist and writhe helicity injection by differential rotation depends mainly on the orientation of the bipole. Twist (writhe) helicity dominates when the bipole axis is parallel (perpendicular) to the equator; these two terms are of the same magnitude and therefore cancel for a bipole tilt of about 45 o . As the tilt angle of a bipolar AR is changing due to the shearing effect of the differential rotation flow, the helicity injection rate is changing as well.
The evolution of the helicity injection rate in a typical AR (NOAA 7978, July-Nov. 1996) , which was initially parallel to the equator and was only deformed by differential rotation, was computed by Démoulin et al. (2002a) . In this south hemispheric AR differential rotation injected positive helicity, in accordance with the hemispheric helicity sign; however, the injection rate was low even initially and decreased with time. During six solar rotations differential rotation injected only a total of 8.3 × 10 42 M x 2 which is about the maximum that it can provide to this AR.
Another study by Green at al. (2002) of a peculiar AR (NOAA 8100, Nov. 1997 -Feb. 1998 , in which the main polarities were rotating around one another by about 150 o , showed a very different history of helicity injection. Since the AR, due to its rotation, had passed the critical 45 o orientation between its 2 nd and 3 rd rotations, helicity injection changed sign by the 3 rd rotation and became opposite (negative) to the dominant hemispheric helicity sign for the southern hemisphere (see Figure 6 in Green et al., 2002) .
Due to the (partial) cancellation between twist and writhe helicities, photospheric differential rotation was shown to be very inefficient to provide magnetic helicity on the AR-scale (Démoulin et al., 2002a,b; Green et al., 2002; Nindos and Zhang, 2002) . The maximum total helicity injected in a bipolar AR that is initially parallel to the equator having a magnetic flux Φ of ≈ 10 22 Mx is about 10 43 Mx 2 (see Figure 5 in Démoulin et al., 2002b) . Note that this value refers to helicity injected during the entire lifetime of an AR! However, the conclusion is different in the convective zone for both a solar cycle and a global spatial scale. Berger and Ruzmaikin (2000) evaluated helicity generation by differential rotation using 22 years of magnetogram data and differential rotation curves. They found that the helicity production in Fig. 1 . Temporal evolution of a northern hemispheric bipole initially parallel (upper panels) and perpendicular to the equator (lower panels) deformed by differential rotation and the evolution of the relevant helicity injection rates (the latter graphs are used with permission, DeVore, 2000) . Note that helicity injection by differential rotation, a time-independent shear flow, is not monotonous, due to the changing relative importance of twist and writhe helicities as the axis of the bipole is turning.
the interior by differential rotation had the correct sign compared to observations of coronal structures (the magnetic helicity conservation is satisfied by the natural generation of the same amount, but of opposite sign, in both hemispheres). The net helicity flow into each hemisphere over this 22-year magnetic cycle was found to be approximately 4 × 10 46 Mx 2 .
Helicity Injection by Photospheric Footpoint Motions
Several authors computed helicity injection at the photospheric level by the shear term determining the transverse velocities of the magnetic flux concentrations in active regions by applying a local correlation tracking method (Chae 2001; Chae et al., 2002; Kusano et al., 2002; Moon et al., 2002; Nindos and Zhang, 2002) . For these studies line-of-sight magnetic field maps of SOHO/MDI were used. Kusano et al., 2002 , used also the transverse field measurements of the Solar Flare Telescope. To correct for foreshortening, a rotational mapping to the central meridian was applied. To determine B n from the longitudinal field the ARs were taken close to the centre disk. Furthermore, a small correction is applied to correct from the off disk centre position: it is generally assumed that magnetic fields in the photosphere are predominantly vertical.
The horizontal photospheric velocities are determined by tracking the evolution of magnetic flux tubes. The most widely used local correlation tracking (LCT) method was developed by November and Simon (1988) . The photospheric velocities are determined by cross-correlating a small fraction of two subsequent images shifted with a variable spatial shift. The relative displacement is given by the highest correlation among the shifts, which provides an estimation for the velocities. Two important parameters in LCT have to be properly chosen: the FWHM (full width at half maximum), w, of the apodizing function and the time interval, ∆T , between the two images to be compared. An optimal value of w should be bigger than the size of the smallest features seen in the data, so it is related to the resolution of the magnetograms used. In most of the above-mentioned papers FWHM was chosen ∼ 8 . The choice of ∆T is constrained by the characteristic horizontal velocities in the photosphere. During this ∆T time displacements (i) should be large enough to be well determined by the LCT, but at the same time (ii) they should be much smaller than the apodizing window size. Velocities ≥ 1 − 2 km s −1 are normally considered unphysical. In these published works ∆T was chosen to be 15 or 20 minutes.
The results are summarized in Table 1 . Helicity injected by photospheric footpoint motions and differential rotation during the analyzed periods are given in two units, one is the usual unit of 10 42 Mx 2 , the other is a "natural" unit of helicity expressed as the square of the total magnetic flux of the AR (Φ 2 ). Helicity expressed in this natural unit allows us to compare directly the results to a flux tube uniformly twisted in the cross section and having the same magnetic flux, i.e. the helicity of a flux rope having N number of turns is simply N in this natural unit. Expressing helicity in this way provides a convenient diagnostics even for the stability of the twisted flux tube, since simulations show that above a critical end-to-end twist in the range of 2.6-3.0π no equilibrium can be found, thus the rope ascends rapidly (Török and Kliem, 2002, and references therein). It is obvious from the values given in Table 1 that photospheric footpoint motions (during the intervals studied) do not provide enough helicity to bring the flux tube twist close to the critical value (1.3-1.5). This low efficiency can be due to the lack of a coherent pattern: areas where positive or negative helicity is injected co-exist at any time (Figure 2 ), significant shearing motions may last for a relatively short period during the lifetime of an AR (Figure 3) , and may even reverse direction.
Active regions cover only a minor fraction of the solar surface. Quiet sun areas have low magnetic flux density, but they represent a huge amount of the total flux. Flux concentrations are in continuous motion following a random walk along random lattices (Lawrence and Schrijver, 1993) . So it is important to find out how much helicity is injected by them. Using a tracking algorithm applied to high cadence (∼5 minutes), high resolution (0.61"/pixel, smoothed over ∼3 pixels) SOHO/MDI magnetograms, Welsch and Longcope (2003) obtained an injection rate of ∼ 5 × 10 19 Mx 2 cm −2 s −1 for the mutual magnetic helicity (the helicity coming from the winding of field lines from different flux elements about each other) in the quiet sun, which corresponds to a whole-cycle, hemispheric mutual helicity flux of ∼ 10 42 Mx 2 . The results of Welsch and Longcope (2003) indicate that the contribution of the quiet sun to helicity injection by footpoint motions is negligible. However, it is well possible that these tracking methods, which have serious limitations, largely underestimate the amount of helicity injected by the shear term (Démoulin and Berger, 2003) . One of the main limitations is low spatial resolution, which limits the obtained velocities to the velocity of group motion of the unresolved bunch of thin (≤ 100 km) flux tubes covered by a pixel. Also, tracking motions may have great difficulties in areas lacking significant contrast, like sunspot umbrae. The latter may lead to serious underestimation of the helicity flux, since most of the magnetic flux of the AR is located in such areas in the young active regions analysed (Table 1) . Furthermore, motions along the isocontours of B n (twisting) remain undetectable by these tracking methods. Another problem is linked to the ∆T and w parameters of the LCT method, which prevent tracking of fast motions and have a smoothing effect on the velocities, because the correlated sub-parts, for which a mean velocity is derived, are typically 2-5 times larger than the spatial resolution of the magnetogram. Chae et al., 2001) . Note the patchiness of the gray-scale map: at the same time both negative and positive helicities are injected by footpoint motions. We propose that this mixed-sign pattern might be due to the effect of helical turbulence. Chae et al., 2001) . Note that the resultant helicity injection by footpoint motions decreases with time and that the contribution of differential rotation is minor.
Besides the problems with the velocity determination, there are problems with the determination of B n as well. It was discovered recently that SOHO/MDI underestimates magnetic flux densities by a factor of 0.64-0.69 (Berger and Lites, 2002) , which means that all the numbers in Table 1 have to be multiplied by a factor of ∼ 2. However, in areas with high magnetic flux density (≥ 1300 G), the response of MDI becomes non-linear, which amplifies the underestimation of the helicity flux in strong umbrae. A more detailed discussion on the possible errors leading to underestimation of helicity injected by the shear term is given by Démoulin and Berger (2003) .
Computations of the Advection Term
Computations of the advection term 2 S ( A 0 . B) v. dS from observations involves measurements of the transverse components of the magnetic field and longitudinal velocities, from which B t and v n can be determined. Vector magnetograms (after calibration and removal of the 180 o ambiguity) can be transformed to provide photospheric maps of B n and B t . Longitudinal velocities are classically derived from the Doppler shift of spectral lines. However, since there is no safe way to transform them to v n , they only provide useful data at disc center. Furthermore, in emerging magnetic field regions, where the advection term should be the largest, both upflows and downflows are present (convective collapse!), and the downflows may be 2-5 times stronger than upflows (e.g. Lites et al., 1998 , and references therein); therefore there is no safe way to deduce v n from Doppler measurements.
The first quantitative estimate of the helicity injection into an observed solar active region was made by , who deduced that 10 43 Mx 2 of helicity was produced in an emerging flux region (AR 6233) over a period of just a few hours. He computed change in magnetic helicity density using vector magnetograms and tracing the change of α, the force-free parameter. Kusano et al. (2002) made an attempt to derive helicity flux through the photosphere in active region NOAA 8100 by using observations of B and v t (using a correlation tracking method) and computing v n from the induction equation. Their results show that both photospheric shear motions and flux emergence injected magnetic helicity into this active region, and that these two terms supplied helicity of opposite signs.
However, a correlation tracking method is not measuring the plasma motions, but rather the displacement of the photospheric cuts of magnetic flux tubes. Such displacement is the result of both horizontal and vertical plasma motions. Démoulin & Berger (2002) show that both the shear and advection terms can be combined in one single term, in which the displacement velocity is used. More precisely, using the velocity deduced from a correlation tracking method, we get the full helicity flux (within the limitations of the observations). Thus, Démoulin & Berger (2002) show that it is not correct to add the helicity flux associated to vertical plasma motions to the helicity flux deduced from the velocities of photospheric footpoint motions. Démoulin et al. (2002a) and Green et al. (2002) worked out a method to compute coronal relative magnetic helicity from observations. They used SOHO/MDI magnetograms taken close to the central meridian passages of the studied ARs as boundary conditions for linear force-free field (lfff) magnetic extrapolations ( ∇ × B = α B; α = const). The extrapolated field lines were fitted with coronal loops observed with Yohkoh/SXT. The α value giving the best general fit between the models and observations was adopted for computation of the coronal helicity following Berger (1985) :
Computations of Relative Magnetic Helicity in the Corona
nx,ny |/l(k 2 x +k 2 y ), where B nx,ny is the Fourier amplitude of the field component
y /L with L being the horizontal extension of the computational box.
Coronal magnetic helicity content of an AR depends on the photospheric flux distribution and on the value of α. Even though α stays in all their extrapolations below its resonant value (which would give unrealistically high magnetic helicity), these authors used a linearized expression in α for the helicity computations (see Green et al. 2002) . Since they analysed the evolution of coronal magnetic helicity in ARs as they evolved, it was important to keep the computational box of the same extension centered on the AR in all the cases. These computations of coronal relative magnetic helicity (Démoulin et al., 2002a; Green et al., 2002) carry the problems of the lfff models, which are imperfect representations of the coronal field. However, the order of magnitude obtained for large ARs (5×10 42 −2×10 43 Mx 2 ) agrees quite well with theoretical expectations, thus they appear to be reasonably good estimates. Régnier et al. (2002) utilized IVM vector magnetograms and a non-linear force-free field model to reconstruct the coronal field of a sigmoidal AR (NOAA 8151). Computing relative coronal magnetic helicity from their model, these authors obtained a value of 4.7 × 10 34 Mx 2 , which, being eight orders of magnitude lower than the estimate for the helicity of any reasonably sheared coronal field and for the helicity carried away by a single CME of average size, seems to be far from being realistic.
Magnetic Helicity Ejected via CMEs
A CME is the result of the instability of the coronal field, so it will carry away part of the magnetic helicity of its source magnetic field. There is increasing evidence indicating that the helicity sign of MCs matches that of their source region, i.e. their associated erupting filament (Bothmer and Schwenn, 1994; Rust, 1994; Marubashi, 1997; Yurchyshyn et al., 2001) . Assuming a one to one correspondence between CMEs and MCs, i.e. interplanetary twisted flux tubes (e.g. Webb et al., 2000) , the helicity ejected in a CME can be evaluated using "in situ" measurements of the interplanetary magnetic field. Démoulin et al. (2002a) Lepping et al. (1990; 18 MCs, left panel) and Zhao et al. (2001, 23 MCs, right panel) . The two samples overlap, since 11 clouds are the same in both studies, though they use different fitting models (in the newer sample the expansion of the flux tube during spacecraft crossing is taken into account). The mean relative magnetic helicity values are 2.4 × 10 42 Mx 2 and 2.8 × 10 42 Mx 2 , respectively, assuming a flux tube length of 0.5 AU.
relative helicity per unit length in a twisted interplanetary flux tube using a numerically integrated form of Berger's (1999) equation, and the average values of the axial magnetic field B 0 ((2.0 ± 0.7) × 10 −4 G) and radius R ((2.1±0.7)×10 12 cm) for a set of 18 clouds studied by Lepping et al. (1990) . DeVore, 2000) which yielded H r ≈ 2 × 10 42 Mx 2 , and L 2 = 2AU (the cloud is still connected to the Sun; see e.g. Richardson, 1997) which gives four times as much helicity for one average-sized MC, i.e. CME. These mean helicity values have to be multiplied by the number of the CMEs to obtain the total magnetic helicity ejected from an AR. During the entire lifetime of two ARs (6 and 5 solar rotations, respectively) such counts have been made: NOAA 7978 was found to be the source region of 31 CMEs (Démoulin et al., 2002a) , while NOAA 8100 produced 65 CMEs (Green et al., 2002) . These numbers include corrections for data gaps and far-side locations of the ARs. They are much higher than previously thought based on pre-SOHO observations (4-5/AR/lifetime; e.g. DeVore, 2000) , and imply a huge amount of (unsigned) helicity ejected from these ARs into the interplanetary space: 62 − 248 × 10 42 Mx 2 (AR 7978) and 130 − 520 × 10 42 Mx 2 (AR 8100), where the lower/upper estimates imply flux tube length of 0.5/2 AU. Nindos and Zhang (2002) studied a MC which was linked to a CME originating in AR 9165, in which they studied helicity injection by photospheric motions. Using the method of Démoulin et al. (2002b) and B 0 and R measurements for this MC, the magnetic helicity was found as large as 32 (resp. 127) ×10 42 Mx 2 with a flux tube length of 0.5 (resp. 2) AU ! However, taking the average of MCs observed in the year 2000 they obtained an average magnetic helicity per cloud of 3.9 (resp. 15.4) ×10 42 Mx 2 , about a factor 2 above the mean values of the data shown in Figure 4 .
There is a very large uncertainty in these helicity numbers, thus they should be regarded as rough approximative values. The greatest unknown is the length of the flux tube in a MC. Furthermore, even well-observed MCs, like the ones contained in the two samples used for the computations, show a great spread (Figure 4 ). Note that magnetic helicity depends on the third power of R and the second power of B 0 , so their spread is amplified in the helicity results. Currently, we do not know the distribution of twist along the interplanetary flux rope, whether it is uniform, or concentrated in its front or its legs, which adds to the uncertainties.
Magnetic Helicity Budget of Active Regions
The total helicity budget of an active region may be written:
H flux from photospheric motions = ∆H corona + N · H CME , where ∆ denotes the variation of the helicity, N is the number of the CMEs and H CME is the mean helicity carried away per CME event.
Three groups have drawn the helicity budget of ARs, deriving from observations: (i) the helicity injection at the photospheric level by differential rotation and/or local footpoint motions, (ii) the changes in the coronal helicity, as well as (iii) the helicity carried away by CMEs (Démoulin et al., 2002a; Green et al., 2002; Nindos and Zhang, 2002) .
Their results are in good accordance: (i) helicity injected at the photospheric level by differential rotation is a minor contributor to the global helicity budget: CMEs remove at least 10 times more helicity than the one injected by differential rotation; (ii) photospheric shearing motions may inject much more helicity than the differential rotation, but present studies are limited to few days and also by the spatial resolution of observations among other problems; (iii) consequently the main source of magnetic helicity carried away in CMEs is still undetected at the photospheric level.
For example, for NOAA 7978 which was a simple isolated bipolar AR, Démoulin et al. (2002a) found that an amount of ∆H = 49 − 235 × 10 42 Mx 2 of magnetic helicity should be provided to the corona in order to account for all the CMEs. Expressing this in the "natural" units of helicity, i.e. in the square of the total magnetic flux of the AR, we obtain 0.25-1 Φ 2 , since the magnetic flux of AR 7978 was Φ ∼ 1.5 × 10 22 Mx (note that all these numbers are corrected for flux underestimation by MDI as derived by Berger and Lites, 2002) . Since helicity expressed in this natural unit reveals the number of turns a flux rope has end-to-end, it actually shows that 31 CMEs carried away the equivalent helicity contained in the flux tube forming the AR having about one turn (if uniformly twisted across the flux tube).
This total helicity appears to be consistent with previous theoretical results. Moreno-Insertis and Emonet (1996) , Emonet and Moreno-Insertis (1998) showed that flux tubes, to be able to survive their rise through the convection zone, need to be twisted by a few turns. Though recent simulations by Abbett et al. (2001) indicated that the Coriolis force may also have a stabilizing effect on rising flux tubes, the need for them to be twisted did not disappear. Thus the twist obtained from the helicity budgets seems to be in the right range.
HOW TO GET BETTER MEASUREMENTS OF MAGNETIC HELICITY?
Direct observations, like helioseismology, do not seem to be able to put constraints on sub-surface generation of magnetic helicity in the near future. However, hopes are raised by the recent development of dynamo theories which are incorporating the analysis (and constraint !) of magnetic helicity (e.g. Brandenburg, 2001 ). Moreover, a combination of theoretical advances in simulations of thin flux tubes and better photospheric observations will be able to advance our knowledge on flux tubes in the convective zone, in particular on their twist/writhe magnetic helicity.
Improving photospheric measurements of B and v are crucial for a more precise determination of the helicity fluxes. High resolution vector magnetographs, like ASP, THEMIS and SOLAR B will provide suitable data for that.
For a better determination of coronal helicity we need improved magnetic field extrapolations and high resolution multi-wavelength coronal loop observations.
For better heliospheric helicity estimates we need more realistic models of MCs, and to advance our knowledge on the length of field lines in MCs (to be able to trace field lines, e.g. Larson et al., 1997) . It would also be important to find out how uniform the twist is along an interplanetary twisted flux tube, which we may be able to measure if the same MC would pass by STEREO A and B.
For an improved link between helicity in the solar corona and heliosphere we have to associate a given CME to a given MC, which will have a better chance when STEREO and its SECCHI heliospheric imager are operational. Finally, we need to combine global and local measurements to achieve our goal of having a complete budget of magnetic helicity. After that, we will be in position to tackle the more difficult problem of the energy budget. 
